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CHAPTER I 
INTRODUCTION 
A. General 
The 1969 AISC Specification for Design, Fabrication 
and Erection states about connections: 
All, connections, the rigidity of which is 
essential to the continuity assumed as the basis 
of the analysis, shall be capable of resisting 
the moments, shears-and axial loads to which they 
would be subjected by the full factored loadifg 
or any probable partial distribution thereof. 
The building specifications do not specify types or 
shapes of connections, only that they shall satisfy the 
conditions imposed upon them. With the acceptance of 
plastic design, the need arose for an economical and 
efficient connection. End plate connections can satisfy 
these requirements. 
In being able to meet the above requirements, end plate 
connections have become a great asset to structural 
engineering. They are remarkably versatile. The end plate 
connections can be designed as flexible, semi-rigid or 
rigid connections depending on end plate thickness and 
size, number and distribution of bolts. They can also be . 
designed for field welding. 
Due to the geometric configuration of the end plate 
connection, other advantages are inherent. They are: 
1) fewer pieces 
2) no alignment difficulties due to variations in beam 
depths 
3) relatively small amount of material required 
4) more economy and better control by shop welding the 
plates to the beams 
5) adaptability to .computer use 
6) simplicity in design, fabrication and construction 
7) less detailing 
I 
8) greater leverage or moment capacity by extending 
the end plate above and/or below the beam flanges. 
2 
With the study of oversized holes,2 and slotted holes,3 
the concept of using end plate connections becomes even more 
feasJble. It is felt that with the introduction of end plate 
�onnections into the construction field, construction time, 
cost, and effort would be greatly reduced. 
B. Review of Previous Work 
The use of end plate connections is a relatively new 
concept. There are no design specifications in the AISC 
codes concerning end plate connections. One of the first 
noted papers was in 1959 by Schutz.4 In his presentation, 
Schutz mentioned some work done by Fincher5 for his master's 
thesis. It was Schutz•s feeling that although Fincher 
obtained some results, they were not conclusive enough to 
bear mentioning. At that time end plates were referred to 
as Butt Type Connections. 
3 
One of the first design offices to use the end plate 
connection was that of Onderdonk and Lathrop. 6 This office 
reported using end plate connections in two projects. The 
first project was the one-story Harriet Beecher Stowe School• 
in Engfield, Connecticut. In building this ther was a 
Slo. 40 per ton saving in using bolted connections over field 
welding. The second project was the G. S.A. office building 
in Fairfax County, Virginia. Here, 940 tons of steel were 
erected in just 50 working days. Onderdonk and Lathrop 
based their designs on preliminary reports given by Schutz. 4 
In 1965 Douty reported on some tests preformed on end 
plates. 7 His tests were conducted with the connection at 
mid-span of a simple supported beam. The tests were more 
concerned with deflection and bolt tension. He concluded 
that the connection became more efficient when the plate was 
extended above the tension flange. Due to the limited data 
obtained, Douty did not project any design criteria. 
The most recent work was by Bak.er8 of Dalton-Dalton­
Little Architects, Engineers and Planners. Baker gave a 
paper in Detroit concerning end plates; his paper dealt with 
an analytical approach. His work was based on prying ratios 
which he gave as being dependent on bolt size and plate 
width. He has developed a set of curves for 3/4-inch bolts. 
To determine the feasibility of using end plates, Baker 
studied the relative cost of different moment. connections. 
His findings were that field welding cost 1. 35 times as 
much as end plates and the split-tee averages 2. 20 times 
the cost of end plates. In the Northeastern Ohio area, 
the savings averaged from 20 to 30 cents per square foot. 
c. Object and Scope of Investigation 
The main objective of this research was to determine 
the effect of various bolt placements in an end plate and 
end plate .thickness with primary emphasis on beam end 
rotations and end moments. This study was done in two 
segments. The first segment was a four-bolt end plate 
connection, E-series; and the second segment was a six­
bolt end plate connection, A-series. 
In the four-bolt connection, E-series, two plate 
thicknesses, 1/2-inch and 3/4-inch, and two beam sizes, 
10 WF 21 and 12 WF 31, were used. Each beam had an end 
plate welded on each end. The neutral axis of the beam 
was used as the reference line with the bottom set of bolts 
at 1-1/2-inches below this. The top pair of bolts was then 
varied from the neutral axis. Each bolt placement was 
tested with both the 1/2-inch and 3/4-inch plates. 
In the six-bolt connection, A-series, two plate 
thicknesses, 1-1/16-inches and 1-1/4-inches, and two beam 
sizes, 10 WF 21 and 10 WF 33, were used. The center line 
of the top flange was used as a reference line. Two pairs 
of bolts were varied symmetrically around the reference 
4 
line while the last pair of bolts was placed at 2-inches 
below the beam neutral axis. The lateral distance between 
the bolts was 4-1/2-inches and 5-1/2-inches on the 1-1/16-
inch and 1-1/4-inch plates respectively on the 10 WF 21 
beam. The lateral distance between the bolts for the
\
1-1/4-
inch plates on the 10 WF 33 was set at 5-1/2-inches. 
A secondary objective of this research was to study 
the stress distribution on the end plate and to determine 
the most critical design variable. .i 
5 
CHAPTER II 
TESTING PROGRAM 
A. Materials and Test Specimens 
To experimentally determine the effect of varying the 
bolt placement in an end plate and the end plate thickness 
on the inherent rigidity, twenty-three specimens were 
tested in the Civil Engineering Laboratory at South Dakota 
State University. Pittsburgh-Des Moines Steel Company, 
Des Moines, Iowa, fabricated the specimens. 
The steel specimens were fabricated as shown in 
Figures 1 and 2. All specimens were made of A-36 structural 
steel. The end plates _were fabricated in pairs and welded 
to the beams according to standard fabrication practice. In 
the E-series four 3/4-inch diameter ASTM A325 high-strength 
bolts were used in each connection. Two beam sizes were 
u.sed, 1 OWF 21 and 12 WF 31 • In the A-series six 3/4-inch 
diameter ASTM A325 high-strength bolts were used in each 
connection. Two beam sizes were used, 10 WF 21 and 10 WF 33. 
All test connections were classified according to type 
of fixation, bolt placement, plate thickness and beam size. 
Two connections of each classification were tested for 
. comparison. AISC specifications were used throughout the 
design and fabrication of all test specimens. The use of 
·end plate connections is not covered in the 4ISC 
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specifications. The size of the specimens used was con­
trolled by economy and testing equipment limitations. The 
dimensions of the end plates are listed in Tables 1 and 2. 
B. Bolt Tightening Procedures 
This study was limited to one size of bolts--3/4-inch 
ASTM A325 high-strength bolts. The bolts were tightened 
using the calibrated wrench method which is approved by the 
AISC specifications. 
The torque wrench had to be calibrated before it could 
be used for tightening the bolts. Three randomly selected 
test bolts were used to calibrate the wrench. Each bolt· 
was installed in the Skidmore-Wilhelm calibrator, a device 
used to measure the tension in a bolt due to an applied 
torque, with a hardened washer under the nut. The nuts 
were tightened until the minimum tension as specified by 
AISC was reached. At this point the torque was recorded. 
The maximum torque necessary to reach the minimum tension 
was used in tightening the bolts in the actual test 
connections. 
c. Preparation of E-series Test Specimens 
All connections with four bolts were designated as 
E-series. The specimen consisted of a beam with plates 
welded on each end and four A325 high-strength bolts of 
3/4-inch diameter in each end. All plates were flame cut 
9 
TABLE 1 
Dimensions of End Plates 
Specimen Dimensions (in inches) 
No. t h a b C d 
( 1 ) (2) (3) (4) (5) (6) (7) (8) 
E10-1 1/2 9�7/8 1-1/2 5-3/4 1-1/2 9-7/8 1 
El0-2 3/4 9-7/8 1-1/2 5-3/4 1-1/2 9-7/8 1 
E10-3 1/2 9-7/8 3-7/16 5-3/4 1-1/2 9-7/8 1 
El0-4 3/4 9-7/8 3-7/16 5-3/4 1-1/2 9-7/8 1 
E10-5 1/2 12-7/8 6-7/16 5-3/4 1-1/2 9-7/8 1 
El0-6 3/4 12-7/8 6-7/16 5-3/4 1 ... 1;2 9-7/8 1 
E12-l 1/2 12-1/8 1-1/2 6-1/2 1-1/2 12-1/8 1-3/8 
E12-2 3/4 12-1/8 1-1/2 6-1/2 1-1/2 12-1/8 1-3/8 
E12-3 1/2 12-1/8 3 6-1/2 1-1/2 12-1/8 1-3/8 
E12-4 3/4 12-1/8 3 6-1/2 1-1/2 12-1/8 1-3/8 
E12-5 1/2 12-1/8 4-1/2 6-1/2 1-1/2 12-1/8 1-3/8 
E12-6 3/4 12-1/8 4-1/2 6-1/2 1-1/2 12-1/8 1-3/8 
E12-7 1/2 15-1/4 7-1/2 6-1/2 1-1/2 12-1/8 1-3/8 
E12-8 3/4 15-1/4 7-1/2 6-1/2 1-1/2 12-1/8 1-3/8 
-
0 
Specimen 
No. t 
( 1 ) (2) 
Al0-1 1-3/16 
A10-2 1-3/16 
Al0-3 1-3/16 
Al0-4 1-1/16 
Al0-5 1-1/16 
Al0-6 1-1/16 
A10-7 1-1/4 
Al0-8 1-1/4 
. Al0-9 1-1/4 
TABLE 2 
Dimensions for End Plates 
Dimensions (in inches) 
h a b C d f A 
(3) (4) (5) (6) (7) (8) (9) 
12-3/4 3 8 1-1/4 9-7/8 5-3/4 1-1/2 
13-1/2 3 8 1-1/4 9-7/8 5-3/4 2-1/4 
14-1/4 3 8 1-1/4 9-7/8 5-3/4 3 
12-3/4 3 7 1-1/4 9-7/8 5-3/4 1-1/2 
13-1/2 3 ? 1-1/4 9-7/8 5-3/4 2-1/4 
14-1/4 3 ? 1-1/4 9-7/8 5-3/4 3 
12-1/2 2-3/4 8 1-1/4 9-3/4 8 1-1/2 
13-1/4 2-3/4 8 ,�1/4 9-3/4 8 2-1/4 
· 14 2-3/4 8 1-1/4 9-3/4 8 3 
B 
( 10) ( 11 ) 
5-1/2 ·6-3/4 
5-1/2 6-3/4 
5-1/2 6-3/4 
4-1/2 6-3/4 
4-1/2 6-3/4 
4-1/2 6-3/4 
5-1/2 6-3/4 
5-1/2 6-3/4 
5-1/2 6-3/4 
..... 
..a 
to the specified sizes. All holes were punched 1/16-inch 
larger than the nominal bolt diameter. ·The specimens were 
designated as El0-1 or E12-1 with the E designating fixed 
end beam, 10 and 12 designating depth of beam and the last 
digit designating which end plate was used. The plate 
dimensions are in Table 1. 
12 
Preceding placement in the testing frame, four 1/4 x 
2-1/2-inch stiffeners were welded on each side of the web 
and 3-1/2-inches each side of the beam center line or line 
of loading. The specimens were placed in the testing frame 
with the use of two chain hoists and the bolts were inserted 
and nuts tightened to the required torque. Hardened steel 
washers were used under all nuts as required.when using the 
calibrated wrench method of tightening the bolts. The 
specimens were then painted with white wash which enabled 
the detection of stress patterns in the beams and in the 
end plates. 
D. Preparation of A-series Test Specimens 
All connections with six bolts were designated as A­
series. The specimen consisted of two short beams with an 
end plate welded to one end of each beam and six A325 high� 
strength bolts of 3/4-inch diameter for each end plate to 
be assembled as shown in Figure 3. All plates were flame 
cut to the specified dimens�ons. All holes were drilled 
1/16-inch larger than the nominal bolt diameter. The 
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13 
specimens were designated as A10-1 with the A designating 
simple supported, 10 designating depth of beam and the last 
digit designating·the end plate being used. The plate 
dimensions are given in Table 2. 
Preceding placement in the testing frame, one beam 
was fastened to the center loading column. This segment 
14 
and the second short beam were then placed in the frame with 
the use of two chain hoists. The remaining bolts were, 
inserted and all the nuts were tightened to the required 
torque. Hardened washers were used under all nuts as 
required when using the calibrated wrencp method of 
tightening the bolts. The specimens were then painted 
witH white wash which enabled the detection of stress 
patterns in both the beams and the end plates. 
E. Apparatus and Testing Procedure 
In order to test the specimens previously described, 
a frame-type testing machine was designed, fabricated 
and built. Figure 4 illustrates the general configuration 
of this frame. A 200, 000-pound hydraulic jack was used in 
the testing of the specimens. 
The specimens in this study were of two configurations 
as shown in Figures 5 and 6. The size of the specimens was 
limited due to economy and the capacity of the testing 
frame. 
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All of the specimens were instrumented in such a manner 
that end plate rotation and slip, and center line deflection 
could be observed and recorded. All movements were measured 
using dial indicators which gave readings accurate to 1/1000 
of an inch. 
In the E-series tests, dials 1, 2, 3 and 4 were attached 
to the frame column to give measurements of the end plate 
movements with respect to the frame column. Figure 7 shows 
the typical instrumentation of the connection. Dial 4 is 
not shown; it has a like position as dial 2 but on the 
opposite side of the beam. Dial 3 measures the horizontal 
movement at the beam neutral axis while dials 2 and 4 
measure the horizontal movement of the top flange of the 
beam. Dial 1 records the slip of the end plate. 
In the A-series tests, dials 2, 3 and 4 were attached 
to the center loading column to give measurements with 
respect to the loading column. Figure 8 shows the typical 
instrumentation of the connection. Dial 2 is not shown; 
it has a like position as dial 3 but on the opposite side 
of the beam._ Dial 4 measures the horizontal movement of 
the beam neutral axis while dials 2 and 3 measure the 
horizontal movement of the bottom or tension flange of 
the beam. Dial 1 measures the center line deflection. 
Figures 9 and 10 are views of the A-series instrumentation. 
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Figure 7. Typical End Plate Instrumentation for E-series 
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Figure 9. View of A-series Instrumentation 
22 
Figure 10. View of A-series Instrumentation 
The specimens were placed in the testing frame such 
that the loads would be evenly applied to all bolts in 
the test connections. The beams were loaded with a 
6000-pound load to cold work the specimens. The beams 
were then loaded.in 6000-pound increments until the 
working load was reached and then loaded in 3000-pound 
increments until failure. At each load increment, the 
dials were read and recorded to determine the movement 
of the connection and the center line deflection. The 
specimens were loaded until some mode of failure occurred. 
The modes of failure were: bolt failure, plate failure, 
and beam failure or a combination of these modes. 
After failure or .after the specimens quit accepting 
additional load, loading was stopped. The specimen was 
then inspected to determine the mode of failure. The 
stress patterns were photographed. Typical failures are 
shown in Figures 13-17. 
23 
Figure 11. View of E-series in Testing Frame 
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Figure 12. View of A-series in Testing Frame 
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Figure 13. Typical Bolt Failures 
Figure 14. Typical End Plate Failure 
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Figure 15. Typical Beam Deflection 
Figure 16. Typical End Plate Failure 
29 
30 
Figure 17. Plastic Hinge Formation 
CHAPTER III 
TEST RESULTS 
The results of this research will be presented in two 
parts in the order that they were obtained. The four\bolt 
connections were tested first on fixed end beams of 10-inch 
and 12-inch depths. The six-bolt connections were then 
tested on 10-inch simple supp9rted beams. 
The rotation of the connection is directly proportional 
to the horizontal movement of the tension flange and it was 
expressed as follows: 
where 
R !:: h / d 
R !:: connection rotation 
h !:: average horizontal movement of tension flange 
d !:: depth of beam 
The average rotation for each specimen at the working 
load, 9 elastic load and plastic load is given in Tables 3 
and 4. These loads are computed theoretically and 
expressed as follows: 
p !:: 8M IL for E-series 
where 
p :: load applied 
M !:: moment, elas�ic or plastic 
L !:: length of span 
TABLE 3 
Rotation Values for E-s�ries Test 
Specimen No. Rotation at Rotation at Rotation at 
working load elastic load plastic load 
10-3 radians ,o-3 radians 10-3 radians 
E10-1 2.7  6.4 20.8 
El0-2 4.4 
E10-3 1. 7 3.6 .5.0 
E10-4 2.0  4.0 5.6 
El0-5 1 .o 2. 6  3.8 
El0-6 0.7 1.8  2.6  
I 
E12-1 2.0 13.0 30.0 
E12-2 3.3 13.3 26.6 
E12-3 3.0 9.3  22.0  
E12-4 1 . 5  5.8 12. 5  
E12-5 2.3  7.3 13.3 
E12-6 1 .8  4.3 9.7  
E12-7 3.0 7.5 14.0 
El2-8 1 .o 3.7 7. 1 
Mode of 
failure 
plate & beam 
web crippling 
·bolt tension 
bolt & beam 
bolt & plate 
bolt thread stripping 
plate 
plate 
bolt & plate 
bolt & plate 
bolt tension 
bolt thread stripping 
bolt & plate 
bol� & plate 
\.>' 
I'\) 
TABLE 4 
Rotation Values for A-series Test 
Specimen No. Rotation at Rotation at Rotation at 
\Vorking load elastic load plastic load 
10-4 radians ,o-4 radians 10-4 radians 
· A 10-1 0 0 0 
A10-2 0 0 0 
A10-3 0. 5 1. 5 1. 7 
Al0-4 l .2  2 2.2 
I 
A10-5 1 .2  1.2 2 
Al0-6 1 .5  3 3.5 
Al0-7 1. 5 3 4 
A10-8 1 .2  2. 5 3.5 
Al0-9 1.0 6. 5 8. 5 
Mode of 
failure 
beam 
beam 
beam 
beam 
beam 
beam 
bolt elongation 
beam 
plate & beam 
\.N 
\.N 
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p = 2M / 1 for A-series 
where 
p = load applied 
M = moment, elastic or plastic 
l = length of one short beam 
Wl 
= pl / 1.65 
where 
Wl 
= working load 
pl 
= plastic load 
1.65 = design safety factor 
Mp = ly • z 
where 
Mp = plastic moment 
'1- = yield stress 
z = plastic section modulus 
Me 
= 
ly 
• s 
where 
Me 
= elastic moment 
� 
= yield stress 
s :: elastic section modulus 
The load versus rotation diagrams can be described in 
four stages as follows: 
1. Stage I - zero load to the working load 
2. Stage II - working load to the elastic load 
3. Stage III - elastic load to the plastic load 
4. Stage IV - plastic load to failure 
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The diagrams are grouped, first, according to bolt placement 
and, second, according to plate thickness. 
A. Results of ElO-series Tests 
1. Bolt placement Classification 
The results of the ElO-series tests classified 
by bolt placement are shown in Figures 18-20. 
Stage I: There does not seem to be any effect. on 
the connection rotation by the plate thickness 
except in Figure 18 where El0-2 varies from El0-1. 
This exception was due to the web crippling of 
specimen El0-2. 
Stage II: Figures 19 and 20 show that the plate 
thickness had a slight effect on the connection 
rotation. The effect was greater, as shown by 
Figure 20, when the top pair of bolts was above 
the tension flange. This effect was expected as 
the connection rigidity depended greatly upon the' 
bending strength of the plate alone. 
Stage III: The connection rotation was affected 
more in this stage than at Stage II by the plate 
thickness. Again the effect was the greatest, as 
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\. 
C 
shown by Figure 20 , after the top pair of bolts 
was placed above the tension flange . 
Stage IV : Figure 19 shows that the effect of the 
plate thickness is very slight as failure is 
approached when the top pair of bolts is close to 
the tension flange, but still within the two 
flanges. When the bolts are outside the tension 
flange, the effect of the plate thickness on the 
rotation appears to be significant as shown by 
Figure 20. 
2. Plate Thickness Classification 
The results of the E10-series classified by 
plate thickness are shown in Figures 21  and 22. 
Stage I :  As the bolts are moved from the neutral 
axis, the amount of connection rotation is 
decreased. The greatest reduction comes as a 
result �f the first move. The large decrease in 
rotation, as shown in Figure 22, between El 0-2 and 
E10-4 is not completely accurate as the web 
crippled on El 0-2 giving a distorted rotation 
curve. 
Stage II : The effect on the connection rotation 
due to the .first movement of the bolts away from 
the beam neutral axis was pronounced as shown by 
Figure 21. The effect of going from 1-1/2-inch 
39 
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below to 1- 1 /2-inches above the tension flange 
stayed quite uniform throughout Stage II with only 
a slight increase as El0-4 and E10-6 approached the 
elastic load. 
Stage III: The increased reduction of the 
connection rotation in going from E10-4 to El0-6 
continued throughout this stage. There was a 
sharp increase in the connection rotation of E10-1 
after entering Stage III. The difference in the 
connection rotation between E10-3 and El0-5 
continued to be uniform throughout the stage. 
Stage IV: The differences in connection rotation 
at the end of _ Stage III continued uniform until 
failure was approached. The change in the 
relationship of the curves was due to the mode of 
failure. 
· 3. Statistical Analysis of Rotation Variation 
The test results of the ElO-series were put 
into an analysis of variance 1 0 computer program. 
The rotations at the working load, elastic load 
and plastic load were used in combination with the 
various bolt placements and plate thicknesses. The 
bolt placement was found to be statistically 
significant while the effect of the plate thickness 
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was not found to be significant .  These were tested 
at the 95% level ( accurate 95% of the time). 
B. Results of E1 2-series Tests 
1 .  Bolt Placement Classification 
The results of the E1 2-series tests classified 
by bolt placeme�t are shown in Figures 23-26j 
Stage I :  The variation in connection rotation due 
to change in plate thickness fell into two types : 
one of slight variation and the other of increased 
variation. Specimens E1 2- 1 ,2 and E1 2-5, 6  had 
slight variation in connection rotation due to 
plate thickness, while E1 2-3,4 and E1 2-7,8 had 
a greater variation in connection rotation due to 
plate thickness . 
Stage II : The rotation variation due to plate 
thickness stayed quite uniform thr_oughout the 
stage as shown in Figures 23 and 24. The variation 
increased between E1 2-7 and E1 2-8 only slightly 
as the elastic load was approached.  The largest 
variation was between E1 2-5 and E 1 2-6. 
Stage III : The variation in rotation disappeared 
between E1 2- 1 and E1 2-2 as they both failed during 
the stage . The difference in connection rotation 
increased for both the E1 2-3,4 and E1 2-7,8 
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combinations following the patterns they established 
throughout Stage I and II. 
Stage IV: Only E12-3, 4, 5, 7, 8 reached this stage. 
The rotation variation in Figures 24 and 26 was 
only slight. The distance between curves is a 
result. of previous rotation. 
2. Plate Thickness Combination 
The results of the E12-series are shown in 
Figures 27 and 28. 
Stage I: There was only a very slight difference 
in connection rotation as the bolt spacing from 
the neutral axis was increased when using 1/2� 
inch plates as shown in Figure 27. There was a 
pronounced decrease in rotation when the top pair 
of bolts was moved in going from E12-2 to E12-4. 
The rotation at the working load varied only 
slightly with subsequent bolt placements. 
Stage II: The variation stayed uniform in Figure 
27 until midway through the stage. At this point 
the rotation of E12-1 and E12-3 increased rapidly, 
with E12-1 increasing the most. E12-5 and E12-7 
continued on paths that met at the elastic load. 
The rate of rotation of E12-2 continued to increase 
faster than the others as shown in Figure 28. 
E12-6 and E12-8 met at the elastic · 1oad. 
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Stage III: E1 2-2 failed during this stage as did 
E1 2-6 . The variation between E1 2-4 and E 1 2-8 
continued to increase with E1 2-4 nearing failure . 
Stage IV : Only E1 2-4 and E1 2-8 entered this stage . 
Their paths stayed nearly parallel as they 
approached failure . 
3 . Statistical Analysis of Rotation Variation 
The test results were put into a computer 
program as previously described for the E 1 0-series . 
There was no statistically significant variation 
in the rotation due to either bolt placement 
variation or plate thickness variation. 
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The bolt placement and plate thickness did not appear 
to have much effect on the center line deflection up to the 
elastic load . The effect after this was not recorded as the 
dial measuring the center line deflection was removed to 
protect �t . Typical center line deflections are shown in 
Figure 29 . 
c .  Results of A-series Tests 
1 .  Results of 1 0  WF 2 1  Beam with 1 -1 /4-Inch Plate 
The test results of the 1 0  WF 2 1  beams with' 
1-1 /4-inch end plates are shown in Figure 30 . 
Stage I :  There was measurable rotation detected 
for Al0-1 and Al0-2, but only very _ slight rotation 
of A 1 0-3 . 
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Stage II: Al0-1 and Al0-2 continued to have zero 
rotation while A10-3 continued on a straight line 
path of increase. 
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Stage III :  Al0-1 and A10-2 were without rotation 
during this stage. A10-3 held to its straight line 
increase until the plastic load. 
Stage IV: Al0-1 continued without rotation 
-until the beam failed . A10-2 started rotating after 
reaching 1. 2 Mp due to bolt elongation. A10-3 ' s  
variation from the linear rotation was due to 
plate failure. 
2 .  Results of 10 WF 21 with 1-1/16-Inch Plate 
The results of the 10 WF 21 beams with the 
1-1/16-inch end plates are shown in Figure 31. 
Stage I: Only slight variation was observed in the 
connection rotation due to bolt placement. Al0-4 
and A10-5 had the same rotation, while Al0-6 was 
only slightly higher . 
Stage II : The rotation of A10-4 and Al0-5 continued 
to be equal throughout the stage with a slight 
rotation increase at the elastic load. A10-6 
continued to increase its variation from the other 
_ two. This variation was due to the elastic 
deformation of the plate. 
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Stage III : The increased rotation of A10-4 and 
Al0-5 was small. Al0-6 continued its variation 
from the first two due to elastic plate deformation. 
Stage IV: A10-4 and A10-5 continued to follow the 
same path until 1.15 M was reached and the� . p 
I 
varied only slightly. Plate yielding started to 
occur in Al0-6 after 1.1 Mp. 
3 .  Results of 10 WF 33 --Beams with 1-1/4-Inch Plate 
Test results of 10 WF 33 beams with 
1-1/4-inch end plates are shown in Figure 32. 
Stage I: There was very slight rotation at the 
working load. No variation between the specimens 
was observed �  
Stage II: Al0-7 and A10-8 continued to follow the 
same path and their rotation increased a small 
amount. Al0-9 started varying at .the working 
load and continued to increase in variation 
throughout the stage. 
Stage III: Al0-7 and A10-8 continued to be of equal 
rotation and had a slight increase in value during 
Stage III . Al0-9 continued to increase as in 
Stage II. 
Stage IV : The plate of A10-9 started yielding at 
about 1 • 12 Mp. Al0-7 and A10-8 continued to be 
equal until 1. 25 Mp ; when A10-7 inc·reased sharply 
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due to bolt elongation. The rotation of A10-7 
and A10-8 had been due to elastic deformation of 
the plate until 1. 25 M .  After that load was 
reached, the connection rotation was due to bolt 
elongation. 
It was not feasible to compare the results of the 
1-1/4-inch plates to the results of the 1-1/16-inch 
plates due to the fact that as the thickness of the plate 
was changed so was the lateral distance between the bolts. 
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CHAPTER IV 
S��y AND CONCLUSIONS 
A. Summary of Results 
Using the data presented in the previous chapter
i
, the 
following results have been formulated : 
1. E-series 
a .  The plate thickness did not have a large effect 
i 
on the plate rotation when the bolts were 
within the beam flanges. However, when the 
bolts were outside the tension flange, the 
plate thickness had a large effect on the end 
plate rotation. 
b. The theoretical plastic failure load for a 
fixed end beam was reached in eleven out of the 
fourteen tests. Two specimen� failed at 
approximately . 98 Mp' while the last 
specimen failed due to web crippling. 
c .  Bolt placement was the only statistically 
significant factor in the El O-series. However, 
neither the effect of the bolt • placement no� 
the plate thickness on the end plate rotation 
was statistically significant in the E1 2-
series. 
d. The center line deflection was not noticeably 
affected by the bolt placement or plate 
thickness up to the elastic load. 
2 .  A-series 
a. The 1-1/4-inch plate on the 10 WF 21 beam 
was too thick to get a variation due to bolt 
placement . 
·b. Maximum end plate rotation resulted when the 
bolts were 3-inches from the tension flange. 
c .  Rotation of the end plate at loads equal to 
or less than the plastic load was due to 
elastic deformation of the plate and elastic 
elongation of the bolt. Plate failure did 
not oc cur until after M had been reached. 
p 
B. Conclusions 
The following conclusions have been derived from the 
results obtained during the testing of both the E-series 
and the A-series specimens: 
1 .  When using four-bolts, the rotation of the end 
is dependent more on bolt placement than on 
plate thickness. 
2 .  The most efficient placement when using four bolts 
was obtained when the top pair of bolts was close 
to the tension flange _ ( l-1/2-inches below) . This 
placement failed the bolts. From this it is 
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recommended that the use of larger diameter bolts 
would be more economical than increasing the plate 
thickness. 
3. It is felt that the 1-1/4-inch end plate and six 
bolts was over designed for the 10 WF 21 beam. A 
thinner plate with four 7/8-inch bolts would 
probably be.adequate to develop M
P
. 
4 .  _From the results · of _the Al0-3, Al0-6, and Al0-9 
test specimens, it is not recommended that the bolts 
be placed 3-inches from the tension flange. It is 
more advantageous to place the bolts as close as 
possible to the tension flange. Such placement 
would develop a large moment carrying capacity 
in the end plate connection. 
5 . Assuming that the change in the lateral distance 
between bolts did not have any effect on the 
rigidity of the connection in the A-series, test 
results showed that there was no apparent advantage 
in increasing the plate thickness - from 1-1/16-inch 
to 1-1/4-inch on the 10 WF 21 beams. It is felt 
that an even thinner end plate (3/4-inch or 7/8-
inch) with six bolts would have been adequate. 
6. Test results show that end plate connections can 
be used as flexible, semi-rigid, and rigid 
connections. However, the flexible type connection 
has an inherited moment carrying capacity which 
can be increased or reduced as desired. 
7. There was no apparent difficulty in fabricating 
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to the close tolerance required when using end 
plate connections. Eyen though two differen{ 
fabricators were involved in supplying the material 
for the testing frame and the test specimens, there 
. were no major assembly problems with the fixe� end 
beam specimens. 
c. Recommended Areas of Future Studies 
As mentioned in the introduction, very little work has 
been done in the area of end plate connections. Before 
rigorous design criteria can be projected extensive study 
in the following areas is recommended: 
1. The effect of slotted holes in end plate connections: 
slotted holes would help eliminate the alignment 
difficulties that develop in the field. 
2. The effect of the bolt size, plate size, plate 
thickness, bolt placement (lateral and vertical) :  
this information would assist the design engineer in 
developing the most economical and efficient 
connection. 
3. To formulate a correlation between bolt placement, 
plate thickness and flange thickness of the beam 
that the end plate is welded to: this parameter 
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would assist the designer in choosing the connection 
to satisfy the requirement that the connection 
_ shall satisfy. 
1 • 
3. 
5. 
6. 
8. 
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